INTRODUCTION
============

Pancreatitis is not uncommon in pediatric age group. The incidence of acute pancreatitis (AP) appears to have increased over last two decades.[@b1-gnl-11-474]--[@b3-gnl-11-474] Increased awareness among the primary care physicians/pediatricians and more referrals to tertiary care centers with in house pediatric gastroenterologists may be responsible for this rise. Though the mortality appears to be low in children and adolescents with AP, the morbidity is considerable.[@b4-gnl-11-474] The etiologies of AP in children are different from that of adults. In adults, alcohol and gall stone related pancreatitis constitute the major causative factors, whereas trauma, infections, metabolic causes, drugs and congenital anomalies (such as choledochal cyst) are responsible for the same in children ([Table 1](#t1-gnl-11-474){ref-type="table"}).[@b5-gnl-11-474]--[@b7-gnl-11-474]

There is limited literature on pancreatitis (acute, recurrent or chronic) in children. The recent INSPPIRE (International Study Group of Pediatric Pancreatitis: In Search for a Cure) consortium defined AP in children if they fulfilled at least 2 out of 3 criteria---abdominal pain suggestive of, or compatible with AP (i.e., abdominal pain of acute onset, especially in the epigastric region), serum amylase and/or lipase activity at least three times greater than the upper limit of normal (international units/liter) and imaging findings characteristic of, or compatible with AP (e.g., using ultrasonography, contrast enhanced computed tomography, endoscopic ultrasound, magnetic resonance imaging).[@b8-gnl-11-474]

Pancreatic fluid collections (PFCs) are a common complication of acute or chronic pancreatitis. After 4 weeks from the onset of AP, PFCs evolve into either walled of necrosis or pseudocyst as per the revised Atlanta classification.[@b9-gnl-11-474] Walled-off necrosis is a mature, encapsulated collection of pancreatic and/or peripancreatic necrosis that has developed a well defined inflammatory wall ([Fig. 1](#f1-gnl-11-474){ref-type="fig"}). Pancreatic pseudocyst is an encapsulated collection of fluid with a well defined inflammatory wall usually outside the pancreas with minimal or no necrosis ([Fig. 2](#f2-gnl-11-474){ref-type="fig"}).[@b9-gnl-11-474]

The natural history of PFCs is largely unknown in pediatric patients. In a recent study, acute fluid collection developed in 58.6% of children with AP. However, pseudocyst developed in 38% and drainage was required in only 26.4% of these.[@b10-gnl-11-474] Asymptomatic PFCs can be managed conservatively. However, symptomatic PFCs require drainage.

In the following review we will discuss the increasing role of endoscopy in the management of PFCs in children.

ENDOSCOPIC MANAGEMENT OF PFCs
=============================

Traditionally, surgical or percutaneous drainage has been utilized for PFCs. However, these modalities carry significant morbidity. Percutaneous drainage is also associated with the development of external pancreatic fistula that may be difficult to manage. Therefore, there is an unmet need for a minimally invasive, safe and efficacious treatment modality for PFCs in children.

Endoscopic drainage of PFCs has emerged as a safe and efficacious treatment option in adults.[@b11-gnl-11-474],[@b12-gnl-11-474] There is emerging data regarding the feasibility, efficacy and safety of endoscopic drainage of PFCs in children as well.[@b13-gnl-11-474]--[@b19-gnl-11-474]

Endoscopic drainage can be accomplished either transmurally or by transpapillary route. Transmural drainage can be accomplished with or without the guidance of EUS ([Table 2](#t2-gnl-11-474){ref-type="table"}).

Transpapillary drainage: This method is used when a small pseudocyst is seen to be communicating with the pancreatic duct; and can be performed under standard endoscopic retrograde cholangiopancreatography (ERCP) setting.[@b20-gnl-11-474],[@b21-gnl-11-474] Endoscopic sphincterotomy followed by pancreatic ductal stenting is done to bridge the leak and divert pancreatic juice away from the cystic cavity. Alternatively, the stent can be placed into the cyst cavity. However, bridging the ductal disruption or leak gives the best result. Even if bridging the leak may not be feasible, just keeping the stent across the sphincter could confer some benefit. The advantages of transpapillary drainage are minimum risk of bleeding and perforation. Moreover, the pancreatic duct can be analyzed for any stricture or calculi. The major drawbacks with transpapillary drainage include potential for cyst infection, suboptimal drainage of large collections and stent induced de novo pancreatic ductal changes.[@b22-gnl-11-474]

TRANSMURAL DRAINAGE
===================

The procedure can be performed under moderate sedation. Prophylactic antibiotics are routinely administered starting on the day of procedure and revised subsequently as per the fluid culture--sensitivity report. Transmural endoscopic drainage of PFC requires an extrinsic bulge in the stomach or duodenum ([Fig. 3](#f3-gnl-11-474){ref-type="fig"}). It can also be achieved via trans esophageal route in select cases.[@b23-gnl-11-474] The cystogastric wall is punctured by a regular fine needle aspiration needle (19 gauge) and cyst fluid aspirated for visual inspection and analysis (amylase and microbial culture-sensitivity). The guide wire with hydrophilic tip (0.025″, 450 cm) is coiled inside the cyst cavity and can be visualized fluoroscopically ([Fig. 4](#f4-gnl-11-474){ref-type="fig"}). The cystogastric tract is then dilated over the guide wire with 6F cystotome followed by small caliber balloon dilatation (Hurricane, 6 mm) ([Fig. 5](#f5-gnl-11-474){ref-type="fig"}). In the final step cystogastric double pigtail plastic stents are placed (usually 7F) ([Fig. 6](#f6-gnl-11-474){ref-type="fig"}). The rapid flow of PFC content through the stent into stomach is considered as marker of technical success.

Endoscopic drainage of PFCs is a safe procedure. The reported complications in adult patients include---bleeding, perforation and sepsis.[@b12-gnl-11-474] However, these complications are uncommon. Unfortunately, there is scant literature on endoscopic drainage of PFCs in children and adolescents. The published literature is in the form of case reports and small case series only ([Table 3](#t3-gnl-11-474){ref-type="table"}). The results in these series are nevertheless promising and warrant further studies.

FOLLOW-UP AFTER ENDOSCOPIC DRAINAGE
===================================

The children undergoing endoscopic drainage are followed at regular intervals to look for clinical and radiological response. The stents are removed (usually after 4 to 8 weeks) once resolution of the PFC is documented by imaging. Magnetic resonance cholangiopancreaticogram is usually performed prior to removal of the stent to delineate pancreatic ductal anatomy. Endoscopic retrograde pancreaticogram and pancreatic ductal stenting is performed in cases of leaks or pancreatic ductal disruptions ([Fig. 7](#f7-gnl-11-474){ref-type="fig"}).

EUS-GUIDED DRAINAGE OF PFC
==========================

EUS-guided drainage of pseudocyst was initially reported by Grimm *et al*.[@b24-gnl-11-474] in 1992 and later by Wiersema in 1996.[@b25-gnl-11-474] EUS was used to mark the optimum site for drainage and subsequently a therapeutic duodenoscope was used to complete the drainage procedure. Since then, the technique has evolved and now the complete procedure can be accomplished by echoendoscope itself. In the present era, EUS-guided drainage is the preferred modality for PFCs drainage in adult patients. There is emerging role of EUS as a diagnostic as well as therapeutic modality in pediatric pancreaticobiliary disorders.[@b26-gnl-11-474]

EUS-guided drainage adds to the safety and efficacy of the drainage procedure as intervening vessels can be visualized and avoided during puncture of the PFC. Other advantages of EUS-guided drainage of PFCs include---assessment of the volume of PFC contents and distance of PFC from lumen, with a linear array echoendoscope, in the absence of a bulge.[@b32-gnl-11-474],[@b33-gnl-11-474]

The basic technique of EUS guided-drainage is the same as described above. The optimal site for drainage is selected under EUS guidance and the subsequent steps are carried in the usual manner as in conventional transmural endoscopic drainage.

Jazrawi *et al*.[@b27-gnl-11-474] evaluated the safety and efficacy of EUS-guided drainage of pancreatic pseudocysts with plastic stents in ten children. The mean age was 11.8 years and all the pseudocysts could be successfully drained. In another retrospective analysis of seven children, who underwent EUS-guided drainage of PFCs with plastic stents, technical and clinical success was achieved in all the children.[@b28-gnl-11-474] Our group recently reported EUS guided trans-esophageal drainage of pseudocysts in four children. There were no major complications and both technical and clinical success was achieved in all the children.[@b31-gnl-11-474]

Two randomized controlled trials compared conventional drainage with EUS-guided drainage of PFCs in adult patients. Technical success was higher and complications lower in the EUS-guided drainage group. Moreover, PFCs that could not be drained with conventional method, were successfully drained by EUS-guided approach.[@b32-gnl-11-474],[@b33-gnl-11-474]

Excellent safety and efficacy of EUS-guided drainage in adult patients needs to be verified in children and adolescents as well. At present, the available literature in pediatric age group is in form of small case series and case reports ([Table 4](#t4-gnl-11-474){ref-type="table"}).[@b23-gnl-11-474],[@b27-gnl-11-474]--[@b31-gnl-11-474]

METAL STENTS FOR PFCs
=====================

Traditionally, double pigtail plastic stents have been used for endoscopic cystoenteric drainage. However, due to smaller caliber of the stent and the presence of debris in the PFC cavity, plastic stents may get clogged, leading to complications like nonresolution and infection of the PFC. Recently, dedicated fully covered self expanding metal stents (FCSEMS) have been designed and used with encouraging results in adult patients with PFCs.[@b34-gnl-11-474]--[@b37-gnl-11-474] These FCSEMS are equipped with unique properties like lumen apposition and have flared ends that prevent stent migration ([Fig. 8](#f8-gnl-11-474){ref-type="fig"}).

FCSEMS provide larger diameter for efficient drainage of cyst contents as well as enable endoscopic necrosectomy when required ([Fig. 9](#f9-gnl-11-474){ref-type="fig"}). The safety and efficacy of FCSEMS for EUS-guided drainage of PFCs in children is not known. Giefer and Balmadrid[@b38-gnl-11-474] reported the use of lumen apposing stent (AXIOS; Boston Scientific, Marlborough, MA, USA) in a 11-year-old girl with large walled off necrosis. The authors also performed three sessions of endoscopic necrosectomy. The metal stent was removed after 2 weeks and two 7F plastic stents were placed. Another recent case series (abstract form) described the use of FCSEMS in pediatric PFCs. The authors described the use of novel lumen apposing SEMS in five children (mean age, 7.4 years; range, 3 to 16 years) with PFCs (pseudocysts, 3; walled off necrosis, 3). The mean size of PFCs was 8.7 cm (range, 5.5 to 14.0 cm). Endoscopic necrosectomy was performed in two children. Technical and clinical success was 100%. There were no complications, stent migration or stent occlusion.[@b39-gnl-11-474]

These studies suggest the feasibility of metal stents for PFCs in children. However, more studies with larger sample size and longer follow up are required to draw firm conclusions on the use of these novel SEMS in pediatric PFCs.

CONCLUSIONS
===========

The incidence of AP is increasing in pediatric population. It carries significant morbidity. Development of PFCs is the most common complication of severe AP. The management of PFCs should be individualized. The nature of PFCs should be characterized as pseudocyst or walled-off necrosis as treatment outcomes may differ. Majority of acute fluid collections do not require any intervention as they resolve spontaneously. Endoscopic drainage of PFCs has established its roots in adults. However, it is still emerging in pediatric population and the literature is sparse. Based on currently available data, EUS guided drainage of PFCs appears to have immense utility in children, and therefore needs to be tested in optimally designed clinical trials with large sample sizes. Early reports of novel FCSEMS are encouraging. However, larger prospective studies are required to establish their efficacy in pediatric population.
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![Endoscopic ultrasound image of walled off necrosis. Note the debris inside the fluid collection.](gnl-11-474f1){#f1-gnl-11-474}

![Endoscopic ultrasound image of a pseudocyst. Note the clear contents of fluid collection.](gnl-11-474f2){#f2-gnl-11-474}

![Endoscopic image showing a bulge due to pancreatic fluid collection in the stomach.](gnl-11-474f3){#f3-gnl-11-474}

![Fluoroscopy image depicting the coiling of guide wire inside the cyst cavity.](gnl-11-474f4){#f4-gnl-11-474}

![Endoscopic image showing balloon dilatation of the cystogastric tract.](gnl-11-474f5){#f5-gnl-11-474}

![Endoscopic image after cystogastric deployment of a double pigtail plastic stent.](gnl-11-474f6){#f6-gnl-11-474}

![(A) Endoscopic retrograde pancreaticogram depicting partial pancreatic ductal disruption with a leak from the mid body. (B) Endoscopic retrograde pancreaticography and successful bridging of a pancreatic ductal leak by plastic stent.](gnl-11-474f7){#f7-gnl-11-474}

![(A) Fully covered metal stent with flared ends designed for the drainage of pancreatic fluid collection (Nagi™; TaeWoong Medical Co., Ltd.). (B) Fully covered lumen apposing metal stent designed for the drainage of pancreatic fluid collection (Axios; Xlumena).](gnl-11-474f8){#f8-gnl-11-474}

![Endoscopic necrosectomy---endoscopic view of cyst cavity with necrotic debris being removed by a standard Roth Net.](gnl-11-474f9){#f9-gnl-11-474}

###### 

Etiologies of Acute Pancreatitis in Children versus Adults

  Etiology           Percent     Description
  ------------------ ----------- -------------------------------------------------------------------------------------------------------------
  Children                       
   Systemic          3.5--51     Hemolytic-uremic syndrome, Reye's syndrome, Kawasaki disease, IBD, HSP, SLE
   Biliary           5.4--20     Gall stones/sludge, choledochal cyst
   Anatomic          1.5--11.5   Pancreas divisum, APBU
   Trauma            6.5--46     Blunt injury
   Familial          3--18       
   Cystic fibrosis   0.4--3      
   Metabolic         0.7--7      DA, hyperlipidemia, OA, hypercalcemia
   Drug              3.2--30     Sodium valproate, thiopurines, thiazides, corticosteroids
   Other             2--26       Viral[\*](#tfn2-gnl-11-474){ref-type="table-fn"}, post-ERCP
   Idiopathic        8--35       
  Adult                          
   Alcohol           10--14      
   Biliary           44--55      
   Metabolic         1--10       Hyperlipidemia, hypercalcemia
   Idiopathic        23--30      
   Others            19--20      Post-ERCP, sphincter of Oddi dysfunction, ampullary tumors, hypercalcemia, and systemic lupus erythematosus

IBD, inflammatory bowel disease; HSP, Henoch-Schönlein purpura; SLE, systemic lupus erythematosus; APBU, anomalous pancreaticobiliary union; DA, diabetic acidosis; OA, organic academia; ERCP, endoscopic retrograde cholangiopancreatography.

Epstein-Barr virus, mumps, measles, rubella, cytomegalovirus, influenza A.

###### 

Comparison of Techniques of Endoscopic Drainage of Pancreatic Fluid Collection

                                     Advantage                                                                         Drawback
  ---------------------------------- --------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------
  Conventional transmural drainage   Minimally invasive, rapid recovery                                                Blind approach, risk of bleed and perforation, luminal bulge required, PD abnormality overlooked
  Transpapillary drainage            Physiological route of drainage, ductal leaks can be bridged.                     Effective only for small and communicating pseudocysts, cyst infection, stent induced PD changes
  EUS-drainage                       More effective, luminal bulge not required, intervening vessels can be avoided.   Expertise required, PD abnormality overlooked, difficult in smaller children (\<5 yr)
  Endoscopic stents-plastic          Cheap, no risk of impaction, can be placed for longer duration.                   Smaller lumen, easily get clogged.
  Endoscopic stents-metal            Wider lumen, less chances of occlusion, allows necrosectomy.                      Costly, risk of stent impaction

PD, pancreatic duct; EUS, endoscopic ultrasound.

###### 

Case Series of Endoscopic Drainage of Pancreatic Fluid Collection in Children

  Study                                   No. of children   Age, yr                                           Technical and clinical success, %   Complications                                   Follow-up, median, mo
  --------------------------------------- ----------------- ------------------------------------------------- ----------------------------------- ----------------------------------------------- -----------------------
  Patty *et al*.[@b13-gnl-11-474]         3                 2.5, 3, 11                                        100                                 None                                            24
  Al-Shanafey *et al*.[@b14-gnl-11-474]   4                 11[\*](#tfn4-gnl-11-474){ref-type="table-fn"}     100                                 None                                            26
  Makin *et al*.[@b15-gnl-11-474]         7                 11.7[\*](#tfn4-gnl-11-474){ref-type="table-fn"}   71                                  Stent migration (n=1), cystogastrostomy (n=1)   18
  Breckon *et al*.[@b16-gnl-11-474]       2                 4, 10                                             100                                 None                                            6
  Nouira *et al*.[@b17-gnl-11-474]        2                 7, 13                                             100                                 None                                            3--36
  Haluszka *et al*.[@b18-gnl-11-474]      2                 8, 16                                             100                                 Sepsis (n=1)                                    12
  Sharma and Maharshi[@b19-gnl-11-474]    9                 9.6[\*](#tfn4-gnl-11-474){ref-type="table-fn"}    100                                 None                                            68

Median.

###### 

Case Series of Endoscopic Ultrasound-Guided Drainage of Pancreatic Fluid Collection in Children

  Study                               No. of children   Age, median, yr   Technical and clinical success, %   Complications         Follow-up, median, mo
  ----------------------------------- ----------------- ----------------- ----------------------------------- --------------------- -----------------------
  Jia *et al*.[@b23-gnl-11-474]       2                 13                100                                 None                  6
  Jazrawi *et al*.[@b27-gnl-11-474]   10                13.5              100                                 None                  6
  Ramesh[@b28-gnl-11-474]             7                 8.4               100                                 None                  34
  Kim *et al*.[@b29-gnl-11-474]       5                 12                100                                 Delayed bleed (n=1)   6
  Trevino *et al*.[@b30-gnl-11-474]   4                 10                100                                 None                  9
  Lakhtakia[@b31-gnl-11-474]          4                 9.5               100                                 Bleed (n=1)           3
